
PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 2002072262 A 



(43) Date of publication of application: 12.03.02 



(51) intci G02F 1/35 
H01S 3/131 
H01S 3/30 
H04B 10/17 
H04B 10/16 




(21) Application number: 2000255291 


(71) Applicant: 


FUJITSU LTD 


(22) Date of filing: 25.08.00 


(72) Inventor: 


HAYASHI ETSUKO 






TANAKA TOMOTO 






SUGAYA YASUSHI 






ONAKA YOSHINORI 



SOLUTION: This invention permits a wavelength 
characteristic deviation control between the output 
power and a gain, the constant output control, and the 
constant gain control using a simple control algorithm 
by breaking exciting light generation means into blocks, 
and dividing an input/output monitoring wavelength 
frequency band of signal light into the number of the 
blocks of the exciting light generation means or more 
and not more than the number the signal channels to 
monitor the signal light. 
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(54) OPTICAL AMPLIFIER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a control 
algorithm to broaden a frequency band using a plural 
exciting light wavelengths or excitation light sources 
when performing Raman amplification, and also to simply 
perform a constant output power control, a constant gain 
control, and a wavelength characteristic flattening 
control so that the wavelength characteristic is 
flattened or has a specific gradient. 



Mn*mamft (jp> 02) Q 13 4# 1^ £t < A > mmmmsmm^ 

^2002-72262 
(P2002 -72262A) 



(43) B ¥j£14# 3 £ 12 B (2002. 3. 12) 







F I 




G 0 2 F 1/35 


5 0 1 


G 0 2 F 


J/35 501 2K0OZ 


¥ T /\ O O / |01 

HOIS 3/131 




HOIS 


0/101 c T? r» T 0 

3/ 131 5 b 0 7 2 


3/30 






3/30 Z 5 K 0 0 2 


H 0 4 B 10/17 




H 0 4 B 


9/00 J 


10/16 














lf3c?g£>3K4 OL (^15 K) 


<2i){aR#^ 


182000 — 255291 ( P2000 — 255291 ) 


(7DIHSA 


000005223 










(22)mSB 


^^12^ 8 ^ 25 0 (2000. 8. 25) 




f¥^n^ji[(Rm ( FlmKJ:<hH l t'4T@ i# 








4 r~» 








# tit? 
































4t8KI«4i*4tK4t-b*®iaTe 3 # 1 






















(74)«a»A 


100108187 








#s± mm 











(54) [«9]ti!>««N 



(57) [gift] 

mz£mmtt±vt=.mM*^-*-tz>mz. mmm 



(2) 

1 

m*-*^m>mL^®nw-t.m&mmtz}i\z 10 
#m^-rsyei#& 

mmm wb<m j %ftzm<&m^t : .?b*^-?ym 
m-t s t-to<D%wmmt. 

mmmmz7&ztiz^y-zmm?z>Ati=£-*^ 20 

mm® m^^-^^m^mmmmz^M^n 
mu 

m&tt-*^mi*wmmftxmMvtc.wmgk&mft 30 

®L*m zm^wm.%<Dmt! mymz> 3 1 zsmt: i-s 

x-m^(Dimizmozt^m^^ymi^-e& 40 
y, &\zm&®&nft<Dmmzm-tz>*>o)x*iibz>, 

So mzErZmbQLtc%7T-(Ammm (EDFA^iRI" 

s) tffc<m^t>nx^z 0 wpk^^mm^m^m 

£ 1 -*.<d%-7 r Ax£££-rs zt.iz£. y, afi^iS 
m*£i*sr£#i^tg&^:£3£T*&So ^©TO6fi 

tm<. ft^PI#t^£;§^S3£T'fesii8ti:t^ 50 



#H§2 0 0 2- 7 2262 
2 

^^fPSc Gft0.3dB/kmJ^T)WU 1450nm^e>1650nmT'fe 
fcjft EDFA©^M«J*Jiip§^ : ^!cl±1530nin^^l610nniT'& 

22- mmm±imzmito<bnT^z>o wsgfg 

:>;^Atc£^T, m^©*ra£#14S:#StC«, 
ldBJ^TtCfflJ^S^^feSo ^*U*> ^/^-©-hPS 

mmsm&iz <t y Msgsn, trb^isnric £ y m 
ps£*vs£«>t*3j>So 3z:t% mymmis^&zw 

#tfc#H:f s £ic i. y ^^^^©ftfc&AC' 

-tcM:R#f4#£DSo 

(D u-f y -ffcguc i s£^©8i£MHH4 

(4) fti#|ii^©^Jf#©MJI^& 

J«fcft»cwu M;itf#^©&:8l^mi530~i6i0nmi:L 

r >r a ^^^is&fcffl v ^ tmz±ma) izmm 

_hgE(2) {c@0i-S^«-««j^5mffi^7 r 
:frt$3fflf§£ LTMv^ff&O.SdBtft y, ilB(4){C 
£BH-rs#!^ -fl2!ft&EDFA£JgV^i:£lCldB£:& 
So 3SiC_fcI3(5)iq&2B-rs<IM«U m&KrrJUAZ 

l±> ymilZ J: S^gS®ft^®M^lfttT'fe 

hii#MS©'ff#?:-|Siti|iiT'^-SEDFAT-fe 

y, ^©EDFAttig^iw. m^offl*s:^m-rs»3t, m 
<Dm±. mM8m&£*-zsmiz?z>iz& edfa©-*^ 

«t y*iifi^f*<z)5v>2/7 h*^w b-?*is7 b b 

f-MimT-itiPllt-S^^^T^. ffiS©M*©i56SB^ 
£;UB;rc«£*U& ffit©M*T'Jfifii-rS3i:^ig^ 
^So M^-li. J. Kani^teElectronics Letter, vol. 
34 pp.l745T'I6®MSl420ran&M^TEDFAjgfli^^c51.© 
1505~1522iuD<Z>#Jf# SiSbT^S. M. Takeda 

NODOSA TOPS vol.30 ppl01T-©^-"f>#§§2000-98433 



3 

AiSot^S. ^ymW&h LX£KW<Lt-3z>(D 
fEW^^t* 5> *U (a) EDFAffiilfflm^^T-©^ 
(b)EDFA©ffi^^«iEi:3 , 6SNRej[#. (e)6x&S!&<Z>f£ig 

[mwM&h&ot'r&mMi ^ymm<Dfmm 10 

©fcttrtC, #H§2000-98433i;:fc£ J: ? 
St0i©t^Jfflt5It^Ae.tltV^„ #§32000 
-98433^M.Tkakeda et al., OSA TOPS vol. 30, pp.101- 

105 (1999) icii, ^yrnm^^-^-tr^ 5 

0Offi*S:S!lp-rS2;&S. LfrL&#<=>, #§§2000-984 
33cDH8£MT-li2o<z>**;i/- ^c^WfeBjBjyRKStr 

(CM. Tkakeda *%J6©HR&2ofcl,fc»£lCoVvrj3* 
LTVN^,, 1^^3oJMCfco tfefrA 
t7 Jgffim b < J*PJ»-3e«W. 8fcK#ffi¥«f t$!l 

JEWWffc&ftvv HUSO. t8aM*tt&TOft*fcl#l«£ 

&nft*^ymm^&tc.&<D^mmmt. mcnm 
&(DmtezEmyh*m£?zmL<Dmimm£. mm 

mamfhtr^stt&m^mmt.. mmtmxm 40 



#§B2 00 2- 72262 
4 

ffi-rs. mn^-mthT. mscD^m^mmizm^ 

**)©T?»»J, 7V>i/7M« (*t 

mm® Bptfc#jte>*i*t>©^**. bih, fifos^ 

Aftr&rt-e, E2tc^-r«fce){cjA^m3 , 6*i*aS:"si 
k 1 iz^ymmft, 2 tt^«w»^,3tt^ 

US* ^ ,4tt£«* ^5" ,5W3&g#l&£j!j ^9 ,6-175^6- 
3ttffijS3feW:7a y * , 7-i73S7-3ii5&fc»?-,8«Bjg 

m>i*tit-^ymw$m\zjKMi*nz>. ismi^u* 
tm.-& Piping.*. p3(Dmm, ^5 

^•g^>-5\ w&^^m^ymmm- 1 T?j«is*i 

fc?S»S3tS:10MlT'4^r-2>tf-Axyu >y^T'*> 
S. «^fl^^5l«B^^D^^6-175M6-3^ 

i p i. S&^^^a^^e-ioDajTjAc-fePpi, 



(4) 

5 

-2(D$,jjAy- £Pp 2 . mwtm^u y 9&-3(D^mmm 

9 l <m-mmi&iv>m%&,±rty- &p s ii: u Sft 

irrsafcefws®^-* * * 3 ©w&ri S 3, © 

Wffi*^»7-€:Ps3i:"t"S. ®a3fc»^"n y 96- 1 © 
PplT'KK^bfe^-CD, J&R#>S#©ffl;fr&H4(a){C;* 10 

■to Mv^sma. aoBB«^ny^i <¥*safeRi s i) 

^#^©^0 v 96- 2 ©#&^Sii:^lljS2j&g: X 

p2, 5p*a®effi^i7-pp2Tf»f^bfe»^®, aw 

S)t©m*S:BI4(b)tCa%"r. f|v*flIU;t. JfeR»tt:7n 
y?2 (¥*§il&Sls2) (CfittSffi^^ h;i/S:g 

&IBIfr3l*¥^I&>i^BUp2, ^i&^ffi*/N-C-Pp2 20 

^©^ffi^ns-PpS^bT^S., Bt&KM7u 
y 96- 1 j^fc^-rste^Htfre-* 7n y * 

n v 9 i -efe y, wmm.-?u v tG-ztm&m&tz 
im-yt&tt-* -fnv9 y 9 2Tfe y , mu% 

Wzfu y ^-Zim^Wt^m^^^-^-fu y 
7n >y ?6- 1 WS^ffiij^E-^ 7n y *l S 2fc«#3fc 30 

7n y 9 ls3K:*»*U SfeS3yR7n >v *6-3l;MB#3fc 
ffiiJ^E-^ya * ^l s i nmWftmte-f-fU y9l s2 

(c%>#s.i/rns. tot, j£^&ft7>7&#3£ 
Mzfu y 9 ©A?- SrlWW-r s «3^(c J: y f rj## 
^ny^©«GRKH»S:&lfL/Tv^ii:3!»cF9S. Wife 



#H§2 0 0 2- 7 22 6 2 
6 

lc-&s«te)tcDPpS:l^-rti«^v>. DPpli, jgfijgft&te) 

*nk-t. muz^Ltz^oiz. -~D<mi&mzfuy9 
iz£v&vzntjmi&&m*&<. #^-#7n y 

izm-tf y bT v *<& — acDajgjyR^a v 

*-&t. ^-st -?uy 9 oAv-z&mmm-fuy 
9 zii<»wmm&x&vmM<mymm.*mz%m 

i (D^^ti^D-^m^ 5 i\zmtt^mmmi^k 

11, isliiH^^^n ^ 96- 1 ®Hijg3l6a&Rlpi®Wm^ 
yt^-^rDPpi^n^ -^fn >y 9<D-?n y92 ay^m 

ft±w-miWsz\zM3r?¥m)mm.z:ki2> mm 

WB&n y 96- 1 (Dfflffl&MpiGPm&jjrty-g&tiD 

Ppltf^—jt-ZfU y 9<DZTU y93 GPfS&mWy- 

&Ws3KM£-*¥m]fflmi£ii3. mmm-fuy 

9 6-2<DmmmMlp2<D¥i%li!,l)rtV-m}}Wpztf=E- 9 
-7n y 9<Dzfn y 9 1 ©¥^fl^tt?-8MDPslK& 

«lp2©^ffi^^C-^DPp2*MI ; E-^ --fU y 9 
<D7ny9 2 (D^&±rtV-mhW s 2\Zfc\ l £1r*Pm\ 

'mm*^ wm%m-fuy96-20)mmmipz(D^- 

mmiJrtV-WmiWpzft^-Z-rfU y9V>-7~U y9 3 

a 2 3> mm^7ny96-3<Dffiimmp3<?> s Pt%&tirt 

V -W®Rp3i&£—9 --?Uy9 0)-fU y 9 1 CD^ffi 

±>rtv-mm> s \\zR&irmmsmm)Litk$i, mum 

WcfU y 96-3(Dmm.mp3<»^%&ilrtV-misVPp2 
f>^—9 --?Uy9 Oyfn y92 0^&±lAU -Wb 

Wzz\zmtt^mmm&&k& mmmyny96-3 
<Dmm&wdp3(D^m&±^-mm > p3^-^-^ 

U y 9(D?U y93 vm%\&±rty-&fflK&\zmS.ir 

y 96- 1 <D&*ffimz-&t~Wr£<D. mwt&ttrtv-m. 

^C^f-TS, ^—9-?Xly 9 0)-7Uy 9 1. =£—9z?U 
y9(D~?Uy9 2, ^z^c/D y 9(D^U y 9 3 (D¥-i% 
ftJjrtV-mft*7jkLT\<^„ &4<D&i*tfilii* Ai2» 

Ai3(c^^-rso ia5(b)jqasMaR^ay^6-2® 

y9<DzfUy9 2, itJ^^^^D >y^©70 ^ ^ 3© 
22> 05(c) {Clfcg^^ny ^6-3©* 



(5) 



2 0 0 2- 



7 2 2 6 2 



8 







'4, 


^12 










_^3_ 






A 32 




*J!T\ ±?S«^^<D¥*Kffi* £Pf £ LT«i-e^ LT V \ 
ii, 06(b) tc^-t £oiz&<j} ; t-fc7ny W7uy Z 

1, -fUyVZ^ zfUyt 3(D5pi§ai^Psl7!fMPs3$:a 
[5K3] 20 



o izEMyffi¥^u v ^6-i^M6-3©lij|a^(Z)ffi*Ppi75 

SPp3©*§lESS: DPpi, DP p2 , Wp3^r^^m-Ui-tiX 







-'-1 




-ft 


-'-1 


v., 




-'-1 







"4, 


A x2 


An 


-1 










An 


A 2 y 












A n 


A 33 _ 




-^3. 



zfUy#<m&lZttLXfc&1r§^zmfrtfttZim3fb 40 
jaj^aR^n y * «fc »J fflASJtsajB^AP- 
T% llU~10Il^gcD7-KA>y^f!)W^fe). 3©<fc 
vflJflRftfi^osp^t? - -pf ©ffitc-f 

ttcpu^©y a - t y *t J: y 07© 7 a - iz j: y floorr s 



£ bX : S^-?7-175M7-3©m*J: 
U APsl^rSAPs3S:#A?)S 0 

7.7-VZfAhLX : APsl75MAPs3i:Pf©^^ fF^ 
X^y^5i:LT : APsl75MAPs3«fc 

-# v * izAittmfrimmnnmmamf n 

Srffl^TI&^iai^'D <J/ £© Apl7>M^-p3©7\°r7- U"< 
;bPpl75SPp3©»4APpl75SAPp3$:#«?)5 0 
^r>V^6J: LT : ^eE©Ppl75SPp3tCM^*APpl7& 
M APpS&iDxJ^^^a >v ^6-175g6-3©m^N"C 
-Ppl752Pp,3$:f!f^l-rSo 



9 

d*i h <m.\$£mzj& vxtsmzmfe-t -2. 3 ^ #r g 

Siia^^D y * 7u y 9 (Dm*tfM&m 
\zW&Ltd§r&*m&\Z7s<t 0 m*. ffifm.yuy9<D 
j&fcnfl (6-175S6-n) , Wimmm^-9y 

P y ^m«T«te!ELfci:-rs. Z.Z.XOfflmiZ «fc >J£ 
DS7V>fiilipiJf#®^«^^$:09{C^b, assent 
^^©i&ft^S^mfl©^-* y ^ tc^ttS,, 

i&jg^A 9 -§5$f ©»iDPpte n x 1 ammnn. y , 10 

nxm©fT#I£fc&. 
W6] 







'4. 


4, • 


• 4." 
















• 




. • 


• * 


• • 


• 






• 


• • 


• • 


• 










• A -. 





v\, DP S jfc-f¥e>DP pi [a] oymin [a] 















• 




• 


• 




• 









ziiitcfcs. ^l^lQgmT'lSM^^Py^i:^ 40 
-* 7'P v 9m*&teKLffi8X*£2>i)\ =£-9 -fU y * 

jstbc u mmmzfa y 9i\sm±iz-tz> z turns 

•To H*24,25l*WDM35»y5,61^B3ttfiB^ja*^' 
9 ,517IrM56te-7 r W ^ U— r-f > ^ 7 f .8175S 

17JS6-3H: 2 o©ffi7bHC?SS©M^-2> i f i #^ P-if81 ,8 
2©ffi^t>^,84(^»-^*3-e85,86®M*-o-*>i±^ 



#§§2002- 722 62 
10 

NNittftH nm) 

»f8173M86A^©J 1 6«7T-f A^U-f^ > 

1429.7nm, 1433.7nm, 1454.0nm, 1480. Onm, 1484. 5nm, 
1488. 5nn©&%£) T?¥SM* 1/ -if 81 75M86tC-^ n-^tl 
£*f l/t¥«M*l/— tf8175M852l-7r-f A^l/— 5=--f > 
^7 >r /l/*5175S56T?#iB«Bi«:8l»J ttftZtifegCDfiftS 
#®«®^Py^02o©ja©tl±« 

7p -/*©&£ £3:5. «Hft^j«&fT'5 «>li. ^v^if 

Py^6-3^e>©?SS5:iiii-r^.4f , f4S:^L/T^-2> < , WDM 
*:7524ttBj@*BB:?"n y *6-i#e>©jfeR©3fe&Ka# 
LT, B6sB&teW^n y *6-2 .Sfri&ftii 7P >v ?6-3fr e> 
fflUfcRSiffia^-SWttSr^UT^S. HlOJCj^TU® 
jgBieaR^n y 9 «©¥## U-if i: 7 r >f A9~V— 

mvmmtfb£isx*j&\ §®»n«^(D 

M&pf lt, ±x(Dms^m(^m^v-immo £ 
oizftmLx^ztzib. ±x<Dm?&mzxm±i-%.m 
'mzi7tetiz-t.tfX'%z,„ jKDm,ti-%ftm&mmii 

LT, =t-9 ZfU y * ©SB^^CPf &Pfl ,Pf 2,Pf3 

^^"Py^lC^bT, Pfl,Pf2,Pf3&Se«>«. *L 
T, Pfl,Pf2,Pf3«fcy, -€-tl-?n#fSt*SPsl,Ps2,Ps3& 

Ifttbtit ilS©i.3-ep^^P>7r-f^tt%*, 
/1(DCF) ,jm*/y y«(DSF) , y >if a^i^y b 

vmttMiz-tzzntfX'gZo mHDmmf&xitt 

■pfWTSZlil^BllBT'feS. ^2©HJg«^$:llI12(C 

wzmtimtizf 1 ? mm.-g&n*-?'? ,11-175^11-3 



(7) 



2002- 72262 



11 

<m*%mLmm. £ nt-m^nx & . n^tio : i x-im. 
mmm^zm&tz. ms^m^^x^m^r^-^ 

~?U y ?©¥^JI£lsl©¥^ffi;^?- £Pin#sl> 
^.—9-~?Xl >y ? ©¥:%?&RS:ls2 2 ©sp*&ffl*/<C>7- £P 
in#s2* ^-*7UyV(D^m&gt.*ls3V>7rivt2V> 

Zfn *j ^6-17!rM9-3i±|giO(Z) J: o izMf&Z *lT <^ 
U f&i©IUg0!J£ mm> £ * ^«^T'^ hTIIT' 

i«tt^T^S*lfe«*tt*©tfc 102*10 20 

\zm <b*is. mdmti 755<m&6mtm&m 

ftZfyim^-Z -fu y9(D¥-Vmekl S h ls2> 1 S 3^ 

n-enftjsi/r^s. %ytm&7-vb&?-3izxm&£m. 

SrPsl, V ^CD^i^Sls2© 5 P^m^A'7- 

£P s2 . t—ffuyir (D^imSMl S 3^^±!^ 9 - * 30 



12 



*5:P S 3^-r^= mmtMmmxit^ym^i-ubMisR. 

mi-l75Mll-3^ (btf)^-* A*tc J; y 

flfcl, G2, G^t3«WB^T?JtffiStlfciStR^S3tS:i« 
fi#J§t# ^7T'^ LTS^-?7-17!rM7-3Tl#fePsl , 
Ps2, Ps3, J: UA*sK- h«©ifeR£tl#:79 1 OT?^ 
«ILTS) l ^7-ll-175rMll-3T*#fcPin#sl ,Pin#s2, Pin 

K8] 









x\ 












= ^3 




J* 



AG =AAP n 

P 

t&z* mm 1 x-mm l r=. 00 taaejwa&ifcfc^r? 

Ki 0] 



AG," 




"4i 


4a 


AG 2 




^, 




AG 3 




.4. 





*13 



*23 



A/>. 



AP 



J»2 



&=£-9-fUy>7<Dm%$m-&G\. G 3 tU GffcGi 
©S&a-SrDGi, Gfi:G2©^-&DG 2 , Gf £G3©H£-£DG 3 

Ki 1] 



40 



AG, =10,-0,1 
AG 2 =|G,-G 2 

ag 3 =|g,-G3| 



T\ Gfl^flJf#S:-SlC-r-g>fe«b(D^*?)^«!)fefli:-r53 
Ki 2] 



AG, * AG 2 * AG 3 



tot. ^Hfefli^T^lS^ejDPpi, DP p2 , DPp3?:^t 
Kl 3] 



(8) 

13 







A, 


^12 














.4. 


4* 



fU^^-^-^n y *©?Mc&f3:t1^ft#iiL 

e> 0 0i3^l&@^fiJM[58(Z)Ki^7n-^^-h(D-M 
ft5V3\ 

-fit vx-.mmm-tz. 

ij-fybO&^—ZzfU y ?©/\°r7-Psl7!rSPs3J: »j A 20 

?-Pin#sl73SPin#s3ft§[£3-^* >y ? ©3pJ#Gl 
75MG3 

©fU*#Gl 75SG3f fcifcitU M3-AG175SAG3ft#«?> 
Xt^ :/4£ LT: AG175MAG3£Gf h<m&i)\ fl^B45 

XTVZfStVT: AG175S AG3 «k U $«j8)fc**#^-* 30 
v ? ^cS:«1-5^^i^tJ^f^All»SA33$:Mv^TJi6^g 
n «v # © a pi7JrM x p3(D/n°C- bK;i/pi75MPp3 
©*!f^APpi;3MAPp3<l:#«><&. 
XT' V ^6 i: LT : ^©Ppl75MPp3&C»M; APplTJrM 
APp3fci«ajaj©fc«:/n y ?6-17IS6-3©ffi;/j/ir7-P 
Pl#S 5 P,3S:iflWr-5o 

ffimXM-fn v i? n^-z -fa -v ^©lS:ttffi^©tSc(cf 40 

13^1 4»S*1 8t«SMSit^ti5. 
K14] 



#B§2 0 0 2- 722 62 
14 





"AG," 




AG 2 




AG 3 



Kl 5] 



r AG, > 




'4. 


4, 


• 


• 


4. 




AG 2 








• 


■ 






• 




• 


• 


• 


• 


• 


• 


• 




• 


• 


• 


• 


• 


• 






A. 


4.. 


• 


• 







Kl 6] 

AG, =10,-0,1 
AG^^-G,! 

■ 

*G n =\P,-G m \ 

Ki 7] 

AG, « AC, * AG 3m 

Ki 8] 







AG, 






AG 2 


• 




• 


• 




• 


A/ 5 

z* 1 _ 







i*ue>©s;{c*fiss-&T, ®eg«»3iJ8ftj^-rti« 

50 fll^^T^MBtWTJCU ®j©t«^"nyi"fH8teiLh 



15 

£ \ ^$fflm7 7 -f A (DCF) , imS/ 7 b 7 7 -f * (DSF) , 

jynujmis? ^>'T-f^'^(NZDSF)$:Mv^S3i: ; b■5I 

3T% Hl4lC0125V>i|ffi^©?S^#fi7 I &AA®jl^I 

gkzmm b ut»* 1 «c®ttji-e6tt* 7^13^ u 

mmv&iiiztimmffiimmzm&zft&a mux 
\m&iosc*m&&mjj7° ! 75T*$-mist~ifi. 

ZtfT'gZtf. ZZX\ Gf££-^*7dy*rtici5!l 
®pj»S:flB£"r<5iiiT?. #*-*7V*©ilfeB?»««i 

v v \im&&mb7'?5,wiL&m&i-mmi-vT~m 

z>zntMmx&2>„ m3<Dmmgf&tisX. an©ius 
mtm2<Dmmm^±mjxm f- 7 7 r >f A(«*tfx 

fci±lcovvrB]l5$:JS^T55yjJ!t--g>,, @tfl3-l«^l<Z) 
#±JB7»K-7'7T>fA*iffl», i3-2ttS52©ft±S 

5-27s&*\i&«a&7'5 ,tt\ttcms&m s £-* .5- 

4 if ,5-9tegl2tf>X^ h;i/7^>T if £^JV?*l3TC 

-r„ asai2 1 n5-ai&z>7n >y ? ^ n-oMm^-fn 

(C-band^l530nm75Sl557nm ) £Jg20>ai5<f$tt(L ban 
d^l570nm^Sl610nni)lC^fgLTfil7J-rS„ 



(9) #1^2 0 0 2- 722 62 

16 

MLX%mZm-fZ>^)^72±b-777^A (EDF) 

>f /^18Sl3-2{d;^2©m^^fc*r LT* rjff&^rt* 
x;i/^7AF-7-7T-f^^ (EDF) *»e>**3««li»T 
l2&5^^llb!j7'95-l-e^Snfe3ttt^l®#& 

i^sn b-7°7 7 ^Ammnm2oy^±mm f- 

3l£#7^5-2,5-3^1C^J^^©ft£lO;tfl 
10 ©ST'^t-S^^^-efeSo £H£#795-4,5-5 
^20D^^igc©^ $:10MlSST*^^-5^* 7:7 

©MS^^-^5-7li^*7^5-4T^$tl^2 

8tefgl&tf!g2<D$;R^#5^,5-7<Dffi;fr£ %» fc« 1 © 
N9;i/T^-^>Tif5-8S.tK||2©X^^ h^;b7 
^•^-rif5-9©ffiiJ/> 0 r7-(Z)«CiE$:^e)o 5-8, 5-9©ffi 
#£1528.773— 1552. 122nnk 1552. 524—1563. 455nm • 15 
20 70.416— 1581. 601nm, 1582. 018—1607. 035nm©3o©M 

^mmfuvtnzftvx. &=t-Z7"ny>;o>m%\i!,Ji 

«:*«>aia«B-175SB-3«HB!lWi-<&. Sg2©g|JfeetJ&tf) 
^•tiHI125Lt®14S©iS^il^7^10^e>oai*$: 

30 ^M-tsmi3 i fc^^#sii> imvm^ybtwmmi*: 
ism-r&zmytsw&mt. mmmmxmm^r=.m 
m^0B^h^^m(Dm^m^mhxArj-^m-r 

40 ^ 0 

DftlB3] ^!)®^M^Stt^«4St«^^©ffi*A-r7 
[#135] KlS^M^SliM^S^^cDffi*/^ 

so [#i36] mL<Dm*mzwtBg>mvt~ybz^>im 



(10) 

17 

c#ta7] WLK±s^-*^mmmmmz*Mzn& 10 
mftzmsKDrnmimizftmLTrtv- fc^m-r -g, z. n 

-T £*£#fi(£: i-stf§E8SE*S©ftit man. 
mmm* 3 mj^ic Lfc#i^©Mmcii8i-.g>., *#§h^ 



#|§2 0 0 2- 722 62 
18 

1-0 

[02] immtm^mm-mft-t^ztx. 7v>i 

[03] tt^l©|Sig^S:^-r0 

[05] itmmmm^m^uy^(Dm^m^-tm 

[06] li?SS#14$:-^iC-rSfe*(D»^H51-^ 

0 

:m 7 ] u$g 1 <Dmmm,(DmmMmmoyum ? □ - 

[08] ttmi©^J»&tc^VNTEiij|H^^n^^8S[ 
[09] l±^^ya^^ig(S:eS{cLfe^r(Dm«# 
[SI 1 0 ] itm 3 &#0 8 ©^©S&^aMyn -y^t 

tig 1 1 ] ttf 1 (Dmmmizni, ^xm^m-fvtcm^ 

[012] «f£2©H86|i/&£^-f0 
[013] itm 2 ©Hfig^coiii^g^M^P^M^^ a 
— ^-v — N 

[014] ism 2 ©^te^ e> -av wmzm ^-rm 

[015] ttH 3 ©|Q&i^S:^-r0 

[^©fiB^] 

7-172rS7-3li^^-f , 




4#|fg2 0 0 2- 



7 2 2 6 2 



[Hi] 



[02] 



V 7W7}> 



7»y7 




7^7 h 





Apl Ap2 *p3 



[03] 



Ap l/Pp? 



WDM MUX 



7d^ 
6-3 A 

Pal 
Pa2 • 



S- 



A»2 



As3 
7-2J 



(12) 



#1182 0 0 2- 7 2 2 62 




#Hg2 0 0 2- 722 6 2 



[07] 



[Ell 0] 



I 



SAPs3***>S. 












r 


WMAPpl7b£APp3£*«>£,, 






««EOPpinaPp3lZtl»ftAPp1»SAPp3tlIIjL 
Bfi*«^a^6-| »S6-305tiJ>J/ <7— Ppl 712 










!7- 



H9] 




(14) 



4#M2 0 0 2- 72262 



[01 2] 



5h 



1.1 



-nrr 

11JL3L. 



I ml 



Ap /PpT 



P.1 

P%3 



T3T 



[Hi 3] 



j SBHS 

X-ry^3 ^ 



a«£T*W»GfMzL$r?n?2rtc>»Gi7!i£G3f 



5u9i 



<P««*APp1flgAPp3g**>*. 

««©Pp1 7bSPp3l-«W« A Pp1 7SS A Pp3&tDX 
tte&S?Dy9B-1 7iS8-30>ifa <9-Pp1 TiS 



(15) 

gi 4] 



#i§2 00 2- 72262 



^? 9 



t 



6-1 , 



MOM DMUX 



II 5] 




ttsSyilJliUH«tit4»KE±/hBa*4 tb i s 

1-9- %±mm&m±ft 



F#-A(##) 2K002 AA02 AB30 BA01 DA10 EA07 

EB15 HA24 
5F072 AB09 HH02 HH03 JJ05 QQ05 

QQ07 YY17 
5K002 BA04 BA05 BA13 CA09 CA10 

CA13 DA02 FA01 



